A vitrification solution consisting of 6.5 mol glycerol 1\m=-\1and 6% (w/v) 
Introduction
In the two decades since the first successful cryopreservation of mouse embryos (Whittingham et al, 1972; Wilmut, 1972) , basic and applied research has resulted in the cryopreservation of embryos of at least 13 other mammalian species (Rail, 1992a (Tsunoda and Sugie, 1977) , a reduction of the time needed for controlled freezing to the storage temperature (Willadsen, 1977; Whittingham et al, 1979; Wood and Farrant, 1980) , cryoprotectant solutions containing sucrose that osmotically dehydrate embryos before cooling (Massip et al, 1984; Takeda et al, 1984; Szèli and Shelton, 1986) , transfer of thawed embryos into recipient females without a period of culture in vitro (Renard and Babinet, 1984) , the use of sucrose to reduce osmotic swelling during dilution of the cryoprotectant (Leibo and Mazur, 1978) , and vitrification procedures that prevent the formation of ice in the embryo suspension during cooling and warming (Rail and Fahy, 1985;  Scheffen et al, 1986) . These and other studies using mammalian embryos have increased our understanding of the basic mech¬ anisms of cryoprotection and cryoinjury (Leibo, 1986; Mazur, 1990; Rail, 1992a survival is obtained using a wide range of cooling rates (15-2500°C min"1) and warming rates (10-2000°C min"1) (Rail, 1987) .
The greatest challenge for successful vitrification is the formulation of a vitrification solution and an effective equili¬ bration procedure to produce the necessary degree of cellular dehydration and avoid significant toxic or osmotic injury (Rail, 1987) . Generally, the choice of vitrification solution (compo¬ sition, concentration) (v/v) propylene glycol in PBS yields high survival of mouse (Scheffen et al, 1986) and cattle (Massip et al, 1986) (Rail, 1992b; Wood and Rail, 1992 
Vitrification solutions
The glycerol-based vitrification solution (VS3a) was similar to that described previously (VS3; Rail, 1987) Preparation of one-step straws for controlled slow freezing
Columns of a diluent (1.0 mol sucrose I"1 in PBl) and cryoprotectant solution (1.5 mol glycerol I"1 in PBl) were placed into a 0.25 ml plastic insemination straw using a modification of the procedure described by Rail (1992a) . (i) The cotton-polyvinyl alcohol plug was pushed a total of 9 mm into the straw to facilitate heat-sealing, (ii) A 6.8 cm column of the diluent solution was aspirated into a straw, followed by an air bubble 0.8 cm long, a 0.8 cm column of cryoprotectant sol¬ ution, a 0.8 cm air bubble, a 1 cm column of the cryoprotectant solution, and finally air until the first column contacted and wetted the cotton plug, (iii) The end of the straw closest to the cotton plug was heat-sealed and a handle (0.5 ml plastic insemination straw) was slip-fitted over the heat seal (Fig. 1 One-step dilution of embryos Vitrified and frozen embryos were diluted from the cryopro¬ tectant solution using a modification of the one-step method described by Leibo (1984) . (i) (Table 2 ).
Discussion
High rates of development in vitro and in vivo were obtained when 8-12-cell mouse embryos were cryopreserved by a simple vitrification procedure that used a solution containing glycerol and BSA, step-wise equilibration at room temperature and dilution with sucrose within the straw. Cooling and warming conditions did not markedly affect the survival of embryos, even when ice formed in the suspension during slow cooling (5°C min"1) or slow warming (20°C min"1). How¬ ever, the combination of slow cooling and slow warming resulted in a small (10-15%) but statistically significant decrease in survival. These results confirm and expand previous reports that embryos frozen or vitrified in glycerol solutions tolerate crystallization of the suspension during warming (Rail and Polge, 1984; Rail, 1987) . By contrast, none of the embryos vitrified in solutions based on dimethylsulfoxide or propylene glycol survive when ice forms in the suspension during slow warming (Rail and Fahy, 1985; Rail, 1987) . Solution VS3a is similar to that reported previously (VS3, Rail, 1987) , with three exceptions. First, the pH of the solution was adjusted to 7.2. Second, BSA was substituted for the synthetic polymer polyethylene glycol. This eliminates the possibility of cell fusion associated with exposure to high concentrations of polyethylene glycol (Pontecorvo, 1975) . BSA was selected because it is a common component of embryo handling and culture media, and the concentration of albumin added to solution VS3a, 6% (w/v), is similar to the concen¬ tration of protein normally present in serum (Kaneko, 1989 (Gekko and Timasheff, 1981; Timasheff, 1993) 
